A chemostat vessel of 1 ,100-ml culture volume was constructed by the Blaessig Glass Specialties Co., Inc., Rochester, N. Y. (6). Provision was made for the regulation of pH by the automatic addition of 1 or 2 M K2CO3 (Beckman expanded scale pH meter, calomel and glass electrodes, JKM Stat relay, and a solenoidoperated magnet valve), of stirring rate (Bodine motor with rectifier unit and magnetic stirrer attachment), of aeration rate (Matheson flowmeter No. 603), of medium flow (Beckman solution pump), and of temperature (Yellow Springs Instrument Co. Pyrex thermistor probe, thermistor relay, and an infrared lamp). The level of medium in the culture vessel was maintained constant by providing an overflow portal. Air was sterilized by passage through a drying tube packed with sterile cotton.
The possibility that both substrate level and oxidative phosphorylation function as energyconserving mechanisms during thiosulfate oxidation by the thiobacilli has been previously suggested (18, 19) . Direct evidence for the occurrence of substrate-level phosphorylation in extracts of Thiobacillus thioparus during the oxidation of sulfite was found by Peck (11) , who subsequently questioned the role of oxidative phosphorylation in energy conservation by the thiobacilli (12) . However, according to Kelly and Syrett (8) , the uncoupler of oxidative phosphorylation, 2,4-dinitrophenol, inhibits CO2 fixation by resting cells of T. thioparus during both thiosulfate and sulfide oxidation, and a direct demonstration of oxidative phosphorylation by extracts of T. neapolitanus was made by Hempfling and Vishniac (6) .
To estimate the relative roles of substrate-level and oxidative phosphorylation in energy conservation during growth on thiosulfate, the molar growth yield on thiosulfate as well as the energy of maintenance of T. neapolitanus have been estimated by the method of continuous culture in a constant pH chemostat. Trudinger (16) has cultivated T. neapolitanus continuously but has not reported the characteristics of steady-state growth.
MATERIALS AND METHODS T. neapolitanus [Thiobacillus X (10) Thiosulfate was determined by the thiocyanate procedure (14) , phosphate by the method of Fiske and SubbaRow (4), ammonium ion by the Nessler procedure, and magnesium ion by titration with standard ethylenediaminetetraacetate. All of these components were present in excess except thiosulfate.
RESULTS
Relationship of molar growth yield to dilution rate. Figure 1 shows the steady-state optical density of the effluent medium and the apparent molar growth yield as a function of the dilution rate D when thiosulfate was made the limiting growth factor. [D = f/V, wheref is the flow rate of fresh medium in milliliters per hour and V is the culture volume in milliliters (7) .] The medium employed was that of Vishniac and Santer (18) containing 37 mm potassium phosphate and 52 mM Na2S203. The pH was maintained at 6.7 to 6.9, and the temperature was 30 h 0. The amount of alkali consumed per mole of thiosulfate added was two equivalents at all dilution rates, when corrected for the buffering capacity of the medium, indicating that thiosulfate was completely oxidized to sulfate. In agreement with this observation was the fact that only a small amount of thiosulfate could be detected in the effluent medium (0.1 mm thiosulfate at D = 0.1 /hr and 0.9 mm thiosulfate at D = 0.40/hr). Growth yield data are not corrected for the small amount of thiosulfate remaining in the spent culture medium.
It is obvious from Fig. 1 that the growth yield was dependent upon the dilution rate. The possibility that a strain more efficient in energy conservation was being selected as the dilution rate was progressively increased was eliminated by the observation that reduction of D after the steady state had been reached at D = 0.40/hr brought about a corresponding reduction in molar growth yield.
Growth stoichiometry and energy ofmaintenance. Assuming that 50% of the dry weight of T. neapolitanus is carbon, the oxidation of 1 mole of thiosulfate to 2 
At lower values of D, the equation of growth will obviously differ from equation 1. However, the dependence of molar growth yield on the dilution rate during growth in the chemostat suggests that the energy requirement for cell maintenance was high, leading to an underestimate of the true molar growth yield. Pirt's recent treatment of the phenomenon of energy of maintenance in continuous culture (13) has suggested that the molar growth yield, corrected for energy of maintenance (YG), can be calculated from the relationship 1/Y=m/I + 1/YG (2) where m is the substrate requirement for energy of maintenance, ,u is the specific growth rate, and Y is the apparent molar growth yield. As shown in Fig. 2 (6) .
Because of the relatively large consumption of oxygen through sulfite oxidation, substrate-level phosphorylation contributes much more to ATP production in T. neapolitanus than, for instance, in an aerobic heterotroph oxidizing glucose through the Embden-Meyerhof-Parnas pathway and the Krebs tricarboxylic acid cycle, where substrate-level phosphorylation accounts only for about 15% of net energy conservation. Substratelevel phosphorylation in T. neapolitanus amounts to about 45% of net energy conservation. Thus, Peck's suggestion (12) that oxidative phosphorylation may contribute less than expected to energy conservation in the thiobacilli is qualitatively borne out in these studies.
Significance of energy of maintenance. The amount of substrate required for energy of maintenance during growth is much higher in T. neapolitanus than in those heterotrophs for which data are available (13) . The meaning of this observation is not clear, especially since the role of "maintenance energy" is not known. It is possible that a large proportion of it might be utilized for active transport processes (5) or for osmotic work, or it might simply be lost through an "energy leak." At low growth rates, the substrate requirement for energy of maintenance is only half that at higher growth rates; the significance of this observation is unknown.
